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PESTICIDE RESIDUES

IUPAC Commission on the Development, Improvement, and
Standardization of Methods of Pesticide Residue Analysis

By H. EGAX, Secretary to the Commission (Laboratory of the Government Chemist, Corn-
wull House, Stamford 8t., Tondon, 8.E.1, England)

The first meetings of the above Commis-
sion of the Pesticides Section of the Applied
Chemistry Division of TUPAC were held in
(Cieneva in November 1966 under the chair-
raanship of Dr. R. A, E. Galley. The follow-
ing sceouni of the proceedings is based on
the minutes of the meeting and on the ap-
pendixes presented by the members and
associnte members of the Commission 8=
indieated.

1. Fumigant Residue Anulysis

The Comnussion agreed that it was desir-
able to devilop rapid, sensitive multidetee-
tion syetems of analvsis for residues of
fumiganis such as methyl bromide, ethylene
dibromide, eothvlene  dichloride, ethylene
oxide, aervionitrile, carbon terrachloride,
arbon digilfide, and phosphine. A study
of the applieation of gasliquid chromato-
graphic methods was thought to be worth-
while. & need for s¢imple and refiable “on
site’ test equipment was also diseussed and
atiention was drawn to limitations in the
use  of commereinl indicator tubes for
measurement of residues in treated produce.

2. Diphenyl Residue Analysis

‘Ihe Conunission discussorl progress in the
sindy of methods of sanpling wnd analysis
of citrus iraib for residues of diphenyl, A
preliminary report of the Netherlands Cen-
tral Institute for Nuintion sud Food Re-
gearch TN.O. indicated that, of the two
methods studied, the gas chromatographic
method was the fuster and more accurate;
however, the thin laver chromatographic
method  followed by nltraviolet  spectro-
photometry was also suitable. Work on
sampling hoxed fruit had been completed
and investization of sampling procedures for
shiploads and other consignmenis was in
progress. Both metheds of residue analyes

appeared to the Commission to be aecepi-
able.

3. Organomereury Fangicide Residue
Analysis

Regulntory wmethods for organomereury
residue analysis were discussed; it was in-
dieated that while radiogactivation faciiities
for this were adeguate in Seandinavia, gas-
figuidd chiromatography offerad considerable
promise buth for high sensirivity and high
specifieity. The neutron agivation methods
were probably the best where facilities were
available bug, like the newer cold vapor
awmic abgorption techniques which were
likely to be cheaper and just as sensitive,
did not distinguish the form in which the
mereury was bound, In the Unired States,
he ¥Food and Drug Administration made a
direet somparison hetiveen cold vapor atomie
absorption and neutron activation tech-
nigues; the Association of Official Analvties)
Chemists had recently appointed a new
referee for amercury residue analysis.

4. Organochlorine Pesticide Residue
Analysis
{(a) Ervaluation—by J. Willian: Cook
{Division of Food Chemisiry, Food and
Drug Administration, Washington, D.C.
20204)

Mueh progross has been made in the de-
velopment and refinement of methods of
analysis by which any or all of a large num-
her of pestieide residue chemieals can be
detected and measured in one general opera-
tion. They have come to be known as
“multidetection” methods of analysis. The
following discussion includes DT, v-BEC,
aldrin, dieldrin, heptachlor, endrm, chlor-
dane, endosulfan, and many other chemieals.
There are & few hundred pesticide chemicals
in use; some of these consist of more than
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one compound and some convert (o a series
of alteration produets which may appear in
regitlue ausivsia, Therefore, there is o farge
pumber of chemicuds which can show up in
a4 multidetcetion method of analysis. Whether
or not they are gignificant as residues, ther
presence must be recognized in order nos to
confuse them with significant pesticide chemi-
ealz. [deally, n general method of analysis
which would measure and idendfy all of {he
signifieant residues in all food produets with
4 minimum of anudytieal effort and e
swould be desirable. This s not possible at
the prosent thme bui  some lwporiant
achievements in that direction have been
obtained to date.

The developments so far have made it
possible {o extraet, clean up, measure guan-
titatively, and give a high degree of certamsy
1o the ideatity of the compounds for up to
100 pesticide residue shemicals obtained from
a great varety of Jood crops and products
all in one general operation. This has been
done with either extraets {rom individual
procducts or composites of & Jarge wmunber
of products, eg., “votal diet” or “mavket
hasket” samples. The development of sueh
procedures has  requited & tremendous
amount of offort. At each pout aloug the
way choiees had to be made. As & conse-
guenre of these choices, adjustments in the
total procedure huve also had to be made.
The choices may not necessarily have beeu
the best ones, but as the toial precedure
developed, the more difficult 1% beeame 1o
undertake any substitutions. Many of the
steps add to the certainty of the identity of
the chemicals as well as to the quanthative
measurement . "(he extraction and the clean-
up procedures must vield quantitative recov-
eries of the chemieals. The gas cliromato-
graphie systems—that s, combinations of
eolumn packing, Louid phase, temperature
of operation, kind of detector, and operating
parameters—are all highly important when
one s attempting to obtain quantitative
response from a number of chenicals. Condi-
tions which may be satsfuctory for quand-
tative results on an individual chemical or a
small momber of chemicals mav not vield
adeguate  quantitation  for all of many
shemieals.

JovaNal of THE a0.a.0. {Vol. 30, No. 5, 1967)

The collaborative study of multidetection
methods s not as straightforward as for
“wer” methods of analysis. The relatively
simple procedure that has been used by
AQAC and other groups for design and
exeeution of collaborative studies is generally
not applicable to these multidetection pro-
cedures. 11 has been the experience of FDA
and some other groups that i{ the details
of the procedure are not described oxaclly
aned 3 they are not Jollowed closely, great
variations i the analytical results are ob-
tained. At the Ingt AOAC moeting, a speeial
conference was heid to discuss the problem
involved in collaborative studits on these
methoda, 1t was decided that o speeial referce
for collahoragive studies would be appointed;
he would work with the specialist in method-
ology for the organochlorines, organophos-
phates, harbicides, ote., 1o come up with total
provedures which are ready for collaborative
study i possible, and then deseribe those
procedures,  oblain  collaborators, submix
samples, receive and iabulate data, ete. It
was proposed and acceptred that ¥ members
of TUPAC were available to partisipate in
thi» callaborative effort they would be wel-
camed by AQAC. Tt is anticipated that this
program will beeome effective sarly in 1867
It will probably incude extraction, cleanup,
thin laver chromatography, snd gas chro-
matography,

Gas chromatography will imvolve the use
of an electron capture detector and a thor-
wionie detector on a split stream or In fan-
dem so thul a separate but simultaneous
reatlout for both organochiorines and vrgavo-
phosphates will be made. The simultaneocus
readout from the two detectors adds o the
certainty of the identity of the compounds.
Fur instance, parathion gives a large ro-
sponse on the thermionie deteator due to the
phosphoris and a much smaller responge on
the EC detcetor due to the NOy group. The
presence and ratio of these iwo pesks along
with reienvion fime are quite characteristic,
Likewise, trithion gives response by both
detectars beeanse of the phosphorus and the
chlorine in the molecule. Again the retention
time and ratio of the two responses enhanes
identifieation  of the compouuds being
analvzed.
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(b) Possible Interference by Chlorinated
Biphenyls—by G. Widmark (Institute of
dnalytical Chemistry, University of
Stockholm, Roslegsvagén 98, Stockholm 50,
Sweden }

A large number of unknowyn but chiorine-
conteining compounds have been detected in
addition to the ordinary pesticides in the
sualvsis of samples, using both the electron
eapture and the microconlometric deteetor.
Mazs spectra of some of these compuunds
obisined  with n combined gas chromato-
graph-mass spectrometer {LKB-9000) indi-
eated that most of the unknown compounds
qre polvehlorinated biphenyls, potentinted
zomewhut in namire teowards those of higher
degree of chlorinntion. A large number of
sammples have been examined. Polychlorinated
biphenyls are found especially in fish and in
aea hirds, but wlso in conifer needles and in
some ssauples of human depot fat. Two hun-
dred samples of soll and water and twenty
samples of terresirinl mammals confained no
derectable amonnts of chilorinated bipheuyis.
Tvpieal GLC traces are given by Jensen and
Widmark (1. By uvsing a nitration method,
mast of the ordinary pesticides can be re-
moved from extraets and the polyehlorinared
biphemy] will be naaffected. In this way, i1
hus been shown that two of i major
chigrinaied  biphenyl peaks overlap the
peaks of p,pDDT and 0. -DIT, respec-
avely. This overdap & found with 8F.08
eolumns, most frequently used for the quan-
titative residue analyses reported in litera-
mire, but not with QF-1 eolumus.

{c) Confirmation of Identity—
by K. B. Elgar {(Shell Rescarch Lud.,
W oodstack Agriculture Reseurch Cenire,
Siutingbourne, Kent, England)
Muitideteetion methods would seem: 1o be
esseniial for the analysis of organochlnrine
rexidues because of the number of chlorinated
components which eun be prescul in any one
sample. However, there are problems of
interpretation even when tochninues  are
veed with the resolution and sensitivity of
clectron wpture GLC. For exumple, the
resolution of the GLC column may not be
<harpr enough 1o zeparate componcuts: or
unpurities present i the techuical prsticide

or other natural products present in the ex-
tract may cumplicate the analysis; or some
insscticides may thermally or catalytieally
desonpose during the analysis.

For these reasons, residues of organo-
chiorine compounds should be econfirmed by
other analvtival methods. If enough material
ey be isolated, infrared speetroseopy or muass
spectrogeopy can give powerful evidence of
identity. llowever, with other methods iu
common use the physical basis underlying
separation is very similar. Robinson et ol
(2) reported a highly significant con-
curdance between the “p-vulues” for pesti-
cides in the various partition systems
doseribed by TBerozse and Bowman (3).
Similarly, retention times on different GLC
stationury phases and Ry of pesticides in
varions TLC or paper chromatographic
syitems  are  highly  correlated. Further-
more, By values in paper chromatography
are closely correlated with R, values in
TLC and with p-wvalues. Tt Is  possibie
to do a great deal of work with the in-
tention  of establishing the identity of a
compound, but very Tittle additional evidence
will be gained beeause the results from the
methods used were not independent. GIL.C
retention thne, an Ry value from TLC or
paper chromatography {or a p-value}, a
GLC retention rhme of a derivative formed
by chemical resction, and pesticidal aetivity
againgl u susceptible organiam are sonsiderad
10 be independent parameters giving sigoifi-
eant evidence of identity.

5. Organophoesphores Tusecticide Residue
Analysis

The Commission concluded that while the
regulatory methods were adequate for para-
thien and malathion, clarifieation of the
terminal residue situation would be weleome
in gome instances. However, more work on
the cleanup stage for malathion residues in
cags, milk, und dried fruit was indicated.

6. Dichlorves Residue Analysis
By R. 4. E. Galley (Shell Research Lad.,
Woodstuck Agriculiural Research Centre,
Sittingbourne, Kent, England)
Pive different approaches lave been de-
veloped for tie determination of traces of
diehlorvos: total phospherus €4, 5), colorim-
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etry using dinitropherylbydrazine {8), alka-
tine resorcinol {7, B}, speeific bioussay {9),
cholinesierase inhibition (10-12), and gas-
liguid chromatography with the thermionie
detector {13) and the microcoulometric
detcetor (14).

On the basis of sensitivity, selectivity,
speed, and possibility of multidetcction, the
most suitable technique is GLC. Its sensi-
tivity (in the nanogram range with the more
sensitive detectors) is approached only by
the cholinesteruse inhibition procedure, and
it i3 unmatehed on the other cowunts. How-
ever, there are two aspects in the anulysis
of traces of dichlorves by GLC in which
improvements are necded. These are the sup-
pression of decomposition of dichlorvos on
the GLC columu, and the selection of the
ezt delector fromn (a) eleetron enprure, (b
thermionie, {¢} microcoulometric, and {(d}
flame photometric,

The other sensitive method which s in
widespread nse {and which, together with
GLC, offers additional evidence of identity)
i the cholinesterase nbibifion proegdure.
This is a general method for anticholinester-
ases: to anaheze mixtures of inhibitors,
geparation before the analssis is required.
However, the volatility of dichlorvos is
such that it can be steam disiilied from ex-
tracts even when thev contain a high pro-
portion of farty materigl. It is possible, there-
fore, to obtain o degree of specifivity in rhe
analysis for dichlorvos by choelineslerase in-
hibition by incorporasing a steum distillation
step belore the determination.

Pracedures for the colleetion of dichlorves
vapor from the air, extractivn of residues
from crops and tissues, and eleanup are
availahle. Dichlorvos mav be quantitatively
removed from air hy bubbling through dis-
tilled water. Chloroform, methylenc ehloride,
and benzene have been used 1o extract di-
chlorvoy  residues. Pariitioning  from an
organic solvent biito water, colunn chroma-
tography on silica gel, aivd steam distillation
provide sdequate eleanup from fatty and
nonfarty materials,

7. Piperonyl Butoxide Residue Analysix
The Comnmission recognized the veed for
refinhle methods for residnes of piperonyl

JOURNAL 0F THE a.0.4.¢. {Vol, 50, No. 5, 1967)

hutoxide and certain allied matenals sueh as
allethrin and MGXK 243,

8. Rudioactivation Methods of Analysis

The Commission was informed that the
International Atomic Energy Ageney (1AEA)
had indicated that it would be preparved to
{a} provide facilities for eo-ordinating col~
laborative studies of existing radicactivation
methods, (&) assist orgunizations in the use
of aetivation {echniques for the cvaluation
of anslytical methods in general, and ()
help luboratories wishing to establish radie-
chemical teehnigues (15). It was ugreed that
while radiochemical methods of analysis
were useful for mercury and for hromine
regidue determinstions, they welt very x-
pengive snd not necessarily more sensitive or
more speeific than some other methods.
Moreover, although they were often useful
in metabolic or field residue trial swudies,
radiochemical methods were M generul ine
appropriate 1o vegulatory methods of gnaly-
sis; the development of various other methods
of regulatory residue snalyss was far more
suitable.
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TUPAC Commission on Terminal Residues

By L. EGAN, Secretary to the Commission (Laboratory of the Government Chemist, Corn-
wall House, Stumford 8¢, London, 8.E.1, England)

The first meerings of the above Comuis-
sion of the Pesticides Seetion of the Applied
Chemistry Division of IUPAC were held in
Gencva in November 1968 under the chair
manghip of Dr. H. Hurtig. The following ac-
eount of the procerdings is based on the
minutes of the meeting and on the ap-
pendixes drawn up by members and sss6eiate
members of the Clommision as ndieazed.

1. Terminal Carbamate Residue

The commission  discussed the present
position regarding knowledge of the nature
of the terminal residues of carbamates, in-
einding carbaryl, as indicated in the evaiua-
tions below, and set up a working group w
further this knowledge with partieular re-
gard to the uses of carbamates in food
production.

{a) Evaluation—by J. William Cook
{Division of Food Chemistry, Food and
Drug Administration, Washington,
D.C. 20204)

In the earlier studics on carbary! residues,
bath carbaryl and its hydrelvtic produet,
I-naphthol, were cousidered. Tlesidue studies
on many erops showed that the quantity of
I-naphthol was small and diffieult 10 sep-
arate from carbaryl, Thus, it was considered
that  l-naphthol need nut be measured
separately from carbaryl. Tolerances for
carbaryl established in the United Staies

are based on the assuroption that the major
part of the residue is the intact carbumate.
Since the establishment of the initigl toler-
ances for carbaryl, work hag heen done
which may have some bearing on the quanti-
tative and qualitative aspects of the residue.

Light, ineluding artificial Hight and sun-
light, changes carbaryl. In the formulated
state it slowly degrades under the influcnee
of ultraviolet and sunlight w give several
unidentified produets (1. Crosby ¢ ol {2)
reparied that ethanol or hexane solutions of
some methylearbamate insccticides, includ-
ing earbaryl, gave n varicty of cholinesterase-
inhibiting derivatives when exposed (o either
artifieial light or sunlight. The products were
separated but not identified. Abdel-Walch
aml coworkers reported that the nature of
the surface, the light, and the compound
affccted the rate of conversion of carbaryl
and other earbamates in witre in the solid
state.

Since neither the qualilalive nor quantisa-
tive aspeets of photodecomposition of carba-
mates have been established, the significance
of these studies in relation {u current and
future tolerances for carbarvl must await
further study.

Whitelurst ot al. {4), using the colori-
metric method of apalvsis sensitive o car-
baryl, I-naphthol, and I-naphthol conjugates,
concluded that when cows were fed a dint
contuining carbaryl, no residues, to the limit
of the method, were found in mik. "[his was
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